Introduction: Pulse oximetry measures arterial oxygen saturation and was introduced into the clinical field since the 1980s. It provides a simple, portable, non-invasive and inexpensive way for monitoring blood oxygen saturation. Previous studies demonstrated that most hospital staff had limited knowledge on the correct use of pulse oximetry and what might affect the readings. This study aimed at evaluating the extent of knowledge in pulse oximetry among the clinical staff of an emergency department. Method: A 25-item multiple-choice type questionnaire was given to the medical and nursing staff of the Accident and Emergency Department (AED) of the Alice Ho Miu Ling Nethersole Hospital. In addition to demographic information, respondents were required to answer questions relating to the basic principles of pulse oximetry, recognition of physiological factors limiting its accuracy and management regarding hypothetical scenarios. The scores were expressed and analysed on a scale of 0-100. Results: A total of 44 questionnaires were completed by 27 nurses and 17 doctors with their test scores ranging from 20 to 72 (median=46). Doctors (median=56) did better than nurses (median=44) in general (P=0.036) but this advantage, however, did not apply to questions on hypothetical scenarios where nurses performed better on the contrary. Correlation analysis proved that there was no linear relationship between respondents' test scores and their years of clinical experience (r=0.051, Spearman). This absence of linear relationship also applied to individual doctors (r=0.244, Spearman) and nurses groups (r=0.162, Spearman). Conclusion: There was insufficient knowledge on the use of pulse oximetry among staff of the AED. The level of understanding did not correlate with their clinical experience. Training programs targeting both the fresh and the experienced staff are recommended.
Introduction
Pulse oximetry was first proposed in the 1930s and was invented in 1972, but it remained as a research tool for several years before its clinical use began in the early 1980s. 1, 2 Its reading, as symbolised by SpO 2 , of the oxygen saturation of haemoglobin was widely used in inpatient, outpatient and emergency settings. Nowadays, it is classified as standard equipment in the emergency department for both screening and monitoring of patients.
Pulse oximetry provides a simple, portable, noninvasive and inexpensive way of measuring blood oxygen saturation. It offers "spot check" or continuous measurement and this advantage consolidates its role as a monitoring device. Pulse oximetry measurement reflects the percentage of haemoglobin binding with oxygen molecule in the blood and is based on two physical principles: (a) the presence of a pulsatile signal generated by arterial flow and (b) the fact that oxyhaemoglobin and reduced deoxyhaemoglobin have different absorption spectra. The functional unit of a pulse oxymeter is a light-sensor probe. On one side of the probe are two light-emitting diodes (LED). Red and infrared light of different wave lengths (660 nm and 940 nm) are emitted from these LED. After going through capillary-rich body tissues, the transmitted light would be detected by a photo-detector located at the opposite side of the probe. The percentage saturation of haemoglobin will then be calculated and displayed on the oximeter screen. The probe is usually attached to a periphery site such as fingertip, palm, toe, ear lobe or bridge of the nose in infant. Under normal circumstances, the measurement should r=0.244 r=0.162
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Pulse oximetry has also been shown to reduce the need for arterial blood gas analysis and its complications. 3, 4 It measures both pulse rate and saturation of haemoglobin but does not provide information on haemoglobin concentration and respiratory status. In addition to the digital readout of O 2 saturation, most pulse oximeters display a plethysmographic waveform which can help clinicians to confirm an adequate signal for reliable readings and to visually indicate blood flow to tissue. Pulse oximetry is incapable of providing a reading in patients when pulsatile capillary flow is absent, for example, in cardiac arrest patients. This shortcoming has limited the application of pulse oximetry in certain critical conditions. Furthermore, pulse oximetry also bears a problem of inaccuracy that may be the consequence of either physiological or environmental reasons.
Pulse oximetry provides a simple and less invasive means to monitor the oxygen saturation level of patients but it has sometimes been introduced into clinical areas without first providing adequate training to the staff. Competency in the use of pulse oximetry is vital to ensure a positive clinical outcome. However, previous studies reported that most hospital staff had insufficient knowledge on the underlying physiology and rational use of pulse oximetry. [1] [2] [3] [4] [5] [6] [7] [8] Regarding this, a survey was conducted to evaluate the current level of knowledge and understanding on pulse oximetry among medical and nursing staff working in the emergency department.
Methods
This study took place in Alice Ho Miu Ling Nethersole Hospital (AHNH) − a 500-bed district hospital that serves a population around 300,000 in Tai Po. A 25-item multiple-choice questionnaire was distributed to all medical and nursing staff of the AHNH Accident and Emergency Department (AED), comprising trainee residents, non-trainee residents, senior medical officers, registered nurses and nursing officers. The questionnaire was adapted from the previous studies by Stoneham et al, Teoh et al and Popovich et al. [3] [4] [5] The questionnaire consisted of 3 demographic information entries and 7 questions to test the respondents' knowledge about the underlying physiology of pulse oximetry. Another 3 questions (with a total of 14 items) were related to circumstances affecting and limiting the use of pulse oximetry. The remaining 4 questions were on hypothetical scenarios. Following the design of this questionnaire, the content was validated by the Department Operations Managers (DOM) of the AEDs of Prince of Wales Hospital (PWH) and AHNH. Eventually, a pilot was conducted to assure its clarity and the original questionnaire was administrated to 3 AED staff consisting of one senior medical officer, a ward manager and a registered nurse. This pilot study's target was to elicit feedback on the clarity and readability of the questionnaire. Difficulties encountered when approaching this questionnaire were asked and amendments made according to their feedback.
Participation in the study was voluntary and the questionnaires were completed in the presence of at least one of the researchers. Participants were asked not to disclose details of the questionnaire to their colleagues. The completed questionnaires were assessed by one assigned researcher and test scores were calculated. The respondents would score 4 marks for each correct answer, hence resulting in test scores ranging from 0 to 100.
Statistical analysis
The test scores of both doctors and nurses were illustrated by box-and-whisker plots (with medians and interquartile ranges), in regard to the fact that the test scores did not follow a normal distribution. Their test scores were compared with the use of a non-parametric test (Mann-Whitney U). A scatter plot was employed to demonstrate the spread of the test scores against the year of AED experience and the spread was analysed in order to determine any correlation, with calculation of Spearman's rank correlation coefficient. The above statistical analyses were performed by the Statistical Package for Social Science (SPSS), version 10.0.
Results

Demographics
A total of 45 questionnaires were distributed to the staff of AHNH AED. We received all 45 of them, but only 44 were suitable for analysis. The 44 valid questionnaires were from 27 nurses and 17 doctors. Only 1 respondent (2.3%) claimed that adequate training on pulse oximetry had been received in the past and the other respondents had informal passive training only. Experience of the respondents ranged from less than 1 year to 19 years, with most of them belonging to the 6-10 years range ( Figure 1 ).
Overall test scores and differential scores
The overall test scores of the respondents on this questionnaire ranged from 20 to 72, with a median of 46. The differential scores of doctors and nurses were illustrated on a box-and-whisker plot and the medians were 56 and 44 respectively ( Figure 2 ). In addition to the difference in median scores, doctors' better understanding on the use of pulse oximetry was further proved by statistical analysis (P=0.036). The questionnaire comprised of three parts and the respondents in general performed best on the theory questions (median score=16/28), followed by questions on the circumstances affecting the accuracy of pulse oximetry (median score=28/56) and hypothetical scenarios (median score=2/16). A higher proportion of doctors than nurses had better understanding on the underlying physiology and limitations of pulse oximetry (P=0.029) but this superiority did not apply to the scenario questions (Figures 3 & 4) . 
Factors affecting the accuracy of pulse oximetry measurement
Respondents were asked to identify what common factors might influence the accuracy of pulse oximetry. The factors were divided into critical, physiological and environmental situations. The numbers of correct and incorrect responses were summarised in Table 1: 95.5% of the respondents realised that cardiac arrest would lead to pulseless condition and hence failure in picking up signal; 56.8% of the respondents believed that pulse oximetry reading would be falsely reduced by anaemia and only 34.1% answered that no alteration would be made. Chronic smoker was the factor least correctly recognised by the respondents and only 
Clinical experience and test scores
The test scores of doctors and nurses were plotted against their years of clinical experience on a scatter diagram ( Figure 5 ). The spread obviously did not follow any linear relationship. Correlation analysis proved the absence of linear relationship between test scores of respondents and their experience (r=0.051, Spearman) and this absence of linear relationship also applied to both the doctors (r=0.244, Spearman) and nurses groups (r=0.162, Spearman).
Discussion
Most respondents were enthusiastic about this study and informed researchers about their eagerness to learn more on pulse oximetry despite most of them found the questions difficult. With respect to this survey, the respondents in general had good understanding concerning the underlying physiology of pulse oximetry but appeared less capable in demonstrating an awareness of its limitations and clinical applications. Doctors in general performed better than nurses and a higher proportion of them knew how a pulse oximetry worked and what might affect its measurement. Nevertheless, the performance of the doctors on the clinical scenario questions showed no superiority when compared with nurses and this might reflect the fact that the nurses were using pulse oximetry more frequently in practice and were usually the first ones to handle situations concerning abnormal SpO 2 values in real life.
In practice, pulse oximetry usually provides an accurate estimate of the arterial oxygen saturation but errors can be produced by several confounding variables such as low perfusion state, severe anaemia, dark nail polish, intravenous dyes, COHb and ambient light.
Low perfusion state can be due to low cardiac output, vasoconstriction and hypothermia. The measurement of pulse oximetry relies on the presence of a stable capillary pulse. If the peripheral pulse is weak or absent, it can prevent the machine from generating a reading and result in signal loss. Anaemia normally does not affect the measurement of SpO 2 except patients with sickle cell anaemia presenting with acute vaso-occlusive crisis. However, it can still give a falsely low reading if the anaemia itself is severe (below 5 g/dL) and combined with low arterial saturation. The reason behind is not fully understood but may be due to photon scattering of light resulting in a shift in red light wavelength thus increasing its absorption. [9] [10] [11] [12] As for nail polish, their effect on pulse oximetry reading is due to its colour. Dark colours such as black, blue and green cause most of the problems and may lead to falsely low readings. Cote et al reported that brownred nail polish interfered with pulse oximetry and should be removed before monitoring. [12] [13] [14] Apart from these, falsely low pulse oximetry readings can also be due to severe tricuspid regurgitation, use of intravenous dyes in haemodynamic testing 13 and even the use of docetaxel (Taxotere) for the treatment of breast cancer, which induces nail dystrophy. 15 Whether or not dark skin pigmentation can give inaccurate pulse oximetry reading is controversial. Lee et al 16 and Bickler et al 17 studied on Malay-Indian and African-American descendents respectively and reported over-estimation of arterial oxygen saturation. The over-estimation was relatively small at saturations greater than 80% and became significant only at hypoxic states. 16, 17 Yet, studies by Ralston et al, 13 Bothma et al 18 and Adler et al 19 suggested the contrary and found that racial skin pigmentation did not affect the precision of pulse oximetry. In conclusion, bias in reading owing to darkness of the skin has never been shown among Southeast Asian populations with lightskinned individuals used as controls.
On the other hand, falsely elevated pulse oximetry reading may be produced by variables such as high levels of COHb and bright overhead light. Elevated level of COHb can be due to smoking, inhalation of fumes from incomplete combustion or haemolysis; and smoking is the commonest cause. There is no doubt that COHb can cause pulse oximetry to over-estimate the arterial oxygen saturation as COHb has light absorption characteristics similar to oxyhaemoglobin. Caution must be exercised when using pulse oximetry in chronic smoker and their falsely elevated saturation can last up to four hours after smoking a cigarette. 20 Most finger probes have shields that prevent external light from being detected but problem can be present by the use of other probes. External light like fluorescent light, heat lamps and bright overhead light can skew the reading but Fluck et al reported that ambient light had no statistically significant effect on pulse oximetry readings. 3, 12, 13, 21 Another commonly encountered problem with pulse oximetry is motion artefact. Rhythmic motions like Parkinsonian tremor, seizure or even shivering affect the ability of the light to travel from the LED to the photodetector and may result in signal loss. Although some pulse oximetry models have been designed to compensate for this but Trivedi et al reported that only two models of pulse oximetry could measure SpO 2 up to 4 Hz motion but all of them failed in measuring heart rate. 22 We defined the normal range of values for SpO 2 as 95-100% for both adults and children which is comparable to the ranges chosen in prior studies. 3, 6 The percentage of respondents who were able to state the correct range was surprisingly low (6.8%) and more than half of them believed that the normal range of adults and children were different. Complications associated with the use of pulse oximetry including burns and pressure-related digital injuries have been reported. 23, 24 The cause of these complications may be due to the prolonged application of pressure by the probe on a single skin site or overheating induced by a short circuit of the probe cable. Wille et al reported a frequency of pulse oximetry-induced digital injury (PIDI) up to 5% in critically ill patients and an association with the use of norepinephrine was postulated. 24 Caution must be taken in severely ill patients especially the ones who require vasopressor therapy as PIDI is more prone to develop.
Conclusion
This study confirmed a deficiency of knowledge among AED staff in the use of pulse oximetry that paralleled that of prior studies, and lack of formal training. The recommendation made is to enhance the knowledge of AED staff on the proper use of pulse oximetry. The absence of correlation between clinical experience and test score gives us a clue that knowledge on the use of pulse oximetry cannot be improved simply by accumulating experience. Training is recommended and should target at both new and old staff. It should therefore cover basic principles, physiological limitations of pulse oximetry and application of knowledge in clinical scenarios in order to ensure that staff can reach reasonable competencies in making the appropriate use of pulse oximetry.
